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Abstract

Impact ejecta from the Albion Formation are exposed in northern Belize. The ejecta
come from the outer portion of the continuous ejecta blanket of the Chicxulub crater, which is
logated 360 km to the northwest. The hasal pnit of the Albkion Farmation is a «~l-m-thick clay
and dolomite spheroid bed composed of up to four diserete flows. The clay spheroids are aliered
impuvt gluse, snd the dolomite sphereids are acerctionary lapilli.  The upper unit is a -15-m-
thivk vuurse diamictite bed containing altered glass, large accretionary blocks, striated, polished,
and impacted cobbles, and rare shocked quartz. The abundance of accretionary clasts, cvidence
for atmospheric drag sorting, and the presence of multiple flows in the Albion Formation indicate
that atmospheres play an important role in the formation of the outer portions of continuous

ejecta blankets of large craters.

1. Intraduction

The Albion Formation was first
deseribed by Ocumpo et al. [1] in 4 guarmmy
on Albion Isiand located in the Hondo River
of northern Belize (Fig. 1). Sedimentologic
and petrographic evidence suggest that the
Albion Formation is proximal impact ejecta
and its stratigraphic position ovcrlying Latc
Cictaccous  platfonn  carbonates  indicates
that the ¢jecta most likely come from the
Chicxulub  impact crater, which lies
approximately 360 km northwest of Albion
Island [1]. The Albion quamry, ogether with
a series of Albion Formation outerops we
discovered on the Mexican side of the
Hondo River in January 1998, are the closest
ejecta exposures yet found to the crater and
comprise the only known exposures of the
Chicxulub continuous gjecta blanket. In this
paper we expand upon thic earlier work and
report new findings from the ongoing
research on Albion Island.

2. Barton Creek Formation
The Barton Creek Formation on

Albion Island is composed of a tan-colored,
26-m-thick sequence of dolomitized

limestone deposited in a shallow-water
platform environment (Fig. 1). Petrographic
and outcrop analyscs indicatc intcrbecdding
of shallow subtidal and intertidal sedimemts,

some with nodular molds sugpesting
periodic  emergence and  evaporite
deposition. Cathodoluminesence (CI.)

petrography indicates a complex paragenetic
scquence  of calcite  cementation and
dolomitization [2]). Benthic foraminifera
fossils are present in the section, but they are
too recrystallized to be identified. A new
species of fossil crab, Carcineretes
Planetarins  [3] (Fig. 2a), and nerineid
gastropods (Fig. 2b) arc found ncar the basc
of the exposed section (Fig. 1). Flores [4]
interpreted the Barton Creek Formation as
representing a shallow, back-reef lagoon
environment. This is consistent with the
gastropods and crabs, as well as with the
overall restricted fauna and lithology of the
Albion guarry.

The Barton Creck Formation in
central Belize contains Upper Cretaceous
fossil rudistids, miliolids. rotalids, Dyciclina
sp., Lockhartia sp., Nummoloculina sp., and
Valvulina sp. [4]. The nerineid gastropods
from Alvion Islund have infolding wall
structures (Fig. 2b) characteristic of the last
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developmental  stage, indicating  a
Campaman to Maastrichtian age. Vega et
al. [3] propose a Maastrichtian age for the
Carcineretes planerarius crabs found at
Albion Island. The only other member of
Carcineretes, C. woolacotti, comes from the
early Maastrichtian [5]. These findings,

together with the ; Sr/SGSr isotope ratios
(0.70786-0.70796) from Barton Creck
Formation reported by Ocampo et al. [1],
suggest a Maastrichtian age for the
dolomitized limestones underlying the
impact ejecta.

The Barton Creek Formation in the
quarry was folded into a gently plunging
anticline, the apex of which was eroded
prior to deposition of the overlying Albion
Formation. The upper surface of the Barton
Creek Formation is uregular with local
abrupt rehef of 20-50 ¢m and preserved
patches of caliche (Fig. 3). This caliche 1s
composed of poorly sorted, angular
fragments of the Barton Creek Formation
dolomite re-cemented with micritic dolomite
and coarse-grained calcite with iron oxide
crusts. Such a surface is similar to the
caliche caps found on emergent portions of
the Pleistocene Yucatan platform [6]. These
findings indicate that Albion Island was
emergent prior to the deposition of the
Albion Formation.

3. Albion Formation spheroid bed

The spheroid bed ranges in thickness
from 0.10-1.72 m, but most exposures are
~1 m thick. The basal, and occasionally the
upper, contact is a ~2-cm-thick brown clay
layer (Fig. 4) with pronounced slickensides.
Similar clay layers occur along shear planes
that cut diagonally across the bed (Fig. S).
Typically, the upper contact is marked by
the abrupt appearance of cobbles of the
overlying diamictite bed, but with litde
change in the matrix (Fig. 5). Four distinct
strata with gradaftional contacts are
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differenriated by clast type and foliation
(Fig. 1). All four strata contain 10-30% (by
volume) dolomite spheroids, 1-10 mm 1in
diameter.  They also contain 10% (by
volume) flakes and angular clasts of brown
clay, 1-3 mm in diameter. Spheroids are
supported in a weakly consolidated, fine-
grained, dolomite and clay matrix. Rare
dolomite spheroids reach sizes of 20-30 mm.
Green clay spheroids 1-10 mm in diameter
comprise 10-30% (by volume) of stratum 1
and grade upward into the base of stratumn 2
(2a, Fig 1). Most spheroids fall in the 5-10
mm size range. No size grading of
spheroids is apparent in outcrop.

Stratumm 1 is 15-20 cm thick. The
dolomite and green clay spheroids are
flattened (Fig. 6) and deposited with the
long axis parallel to the underlying Barton
Creek Formmation surface (imbricated),
giving the bed a foliated appearance, which
follows the microtopography. Stratum 2 ‘is
25-40 cm thick, contains slightly flattened
dolomite spheroids, and has faint fohation.
Stratum 3 is 40-50 cm thick and contains
spherical to slightly oblate dolomite
spheroids, distinct foliation, and 10% (by
volume) white, chalky, angular dolomite
clasts in the same size distribution as the
spheroids. Stratum 4 is 40-50 cm thick and
has the same composition as stratum 3, but
no foliation.

3.1. Matrix and dolomite spheroids

The matrix of the spheroid bed is
composed of sucrosic 25-S0 um dolomite
crystals with concentric red/yellow CIL
zonations, which contrast with the bright,
concentric red/orange CL zonations in the
dolomite crystals of the spheroids {2]. The
matrix and spheroids contain interstitial iron
oxide and smectite. The smaller (<5 mm)
dolomite spheroids are composed of crystals
of uniform size (~25 pm). Most dolomite
spheroids in the 10-2S mm range bave
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concentric bands of fine and coarse crystals
and iron oxide staining surrounding an
angular core (Fig. 7) Conrse spheroid
bands have crystal sizes up to 500 um, but

most bands have 50-75 um crystals. Many
of the larger crystals within these bands
have black opague cores (Fig. 7¢). One
large dolomite sphcroid containg a core
composed of two smaller spheroids joincd
together (Fig. 8), The angular cores wu
composed uf a while, chalky, fing-grained
(~10 um) dolomite (Fig. 7a) that is similar
10 the dolomite clasts in the upper strata of
the spheroid bed.

3.2, Clay spheroids

The green clay spheroids at the base
of the spheroid bed have a dull, waxy
appearance. X-ray diffraction (XRD)
analyses indicate they arc mostly smectite.
Petrographic and microprobe analyses reveal
that portivns of some spherules are isotropic
and have Si/Al ratios (Table 1) higher than
typical smectites, as found in other K/T
boundary clay spherules [7, R]. Microprobe
analyses of major oxides indicate that the
green clay spheroids arc compositionally
similar to the Haitian palagonites formed
from K/T boundary glass spherules (Table
1). The typical size (mostly 5-10 mm in
diameter) of the Alhion Formation spheroids
is larger than that of the Haitian spherules
{mostly <2 mm in diamcter [7, 9]
Scanning ¢lection micrographs (SEM) and
thin sections of the clay spheroids show
vesicular and spherulitic textures typical of
devitrified glass (Fig. 9).

4. Albion Formation diamictitc bed

Ocampo ¢t al. |1] estimated the
maximum thickness of the diamictite to be
about 15 m, but an erosion surface cuts the
top and its original thickness is unknown.
The diamictite is weakly consolidated,
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unstratificd, poorly sorted, and is composed
mostly of matrix supported cuarbonate and
clay clasts. Carbonate clasts are angular to
subrounded aud runge in size ffom sub-
millimeter grains to boulders about 8 m in
diameter.

4. 1. Carbonatn clasty and muatrix

Duc 1o the ubundance of large clasts
in the diamictite, we employed a grain size
analysts technique using the cross-sectional
area of clasts, simiar to that used in thin
section analysis,. ~ We measured clasts
diameters within 1 m by 1 m grids at four
outcrops in the quarry, and in photographs
of a 66-m-long freshly cut face of the
quarry. ‘The outcrops were randomly chosen
from the base (saddle and cut 1 lower part)
and upper (cut 1 upper part, cut 2) portions
of the diamictitc bed. We measured all
clasts larger than 0.8 cm within the grids and
larger than 2 m in the photographs (smaller
clasts werc not detected in the photographs).
The percent matnx (defined here as clasts
smaller than 0.8 cm in diameter) was
calculated for each grid. The results of these
analyses are shown in a scrics of histograms
for the grid daw (Fig, 10) and as a graph of
the cumulative percentage (area) for (he
combined grid and photograph-based data
(Fig. 11). Assuming uniform density of
materials, these data are good proxics for
weight perecntages more commonly used in
such anulyses, These figwres illustrate the
poorly sorted nature and heterogeneity of the
diamictite bed.

Most of the carbonate clasts are
dolomitized limestone and the nonclastic
component of the matrix is a micritic
dolomite (10-60 pum crystals) with minor
amounts of interstitial clay and iron oxide.
Multiple generations of CL-distinct dolomite
cements are found in the matrix and in the
carbonate clasts {2). The diamictite bed
oontains rarc concentric dolomite spheroids
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10-20 mm in diameter and a few large
blocks (up to 4.5 m in diameter) with lithic
cores and 7-75 cm-thick ninds of material
similar in texture and composition to the
diamictite matrix (Fig. 12). Rare carbonate
clasts exhibit striations w1 a single or
occasionally multiple directions and in many
cases terminate in an abrupt angular surface
(Fig. 13a). These striations range from
microscopic sets that grade into a fine
polish, to parallel grooves 1-2 mm deep.
Sand-sized carbonate grains occur within
some striae. In one sample, a dark dolomite
rock chip penetrated the clast to form a pit
with a striated wall (Fig. 13b). Ocampo et
al. [1] reported finding a clay pocket filled
with radially fibrous calcite spherules that
they called pisoids. We found another
similar pocket in 1995. These new radially
fibrous calcite spherules included many with
angular cores of a dark gray dolomite. The
calcite spherules have etched surfaces and
wart like protrusions (Fig. 14) stmilar to the
smaller altered glass spherules from the K/T

boundary [9].
4.2. Clay clasts and other components

Green clay clasts comprise about
10% (by weight) of the diamictite bed.
They range in size from <1 mm to 40 mm,
but most are <10 mm in diameter.
Petrographic, XRD, SEM, and microprobe
analyses of the clays reveal they are smectite
and palagonite. Compositionally these
palagonites are similar to those of the
spheroid bed, except that they contain
slightly more K and Fe (Table 1). Many of
the clay fragments have the same vesicular
textures and spherulitic devitrification
features found in the green clay spheroids of
the spheroid bed (Fig. 15).

Authigenic quartz found within vugs
in the diamictite bed contains anhydrite
inclusions. Acid leach residues from the
diamictit¢ contain common gypsum as
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finely disseminated crystals. Apparently
sulfates have been mostly leached from the
deposits. We found a single detrital quartz
grain in the acid leach residues that has one
prominent set and a second clear set of
planar deformationp features (Fig. 16),
indicative of shock. Detrital quartz grains
were extremely rare in the over 1 kg of
diamictite that was processed and only one
shocked quartz grain was found.

S. Interpretations

The shocked quartz and impact-
penetrated cobbles add to evidence provided
by Ocampo et al. [1] that the Albion
Formation is of impact origin. The
penetrating rock chip must have impacted
under pressures and/or temperatures
sufficient to plastically deform carbonates
(10], since impacts between solid particles
produce radial fractures and spallation zones
[11], not the grooved penetrating features
we observed. The origin of this high
femperature/pressure environment is
uncertain, but may have developed during
particle ejection from the crater or within the
ejecta curtain. The impact-penetrating chip
is part of a cluster of pits and striations that
radiate away from the tip of the pointed
cobble in parallel sets (Fig. 13). This
suggests that the cobble was rotating as it
past through (in a relative sense) a cloud of
finer debris. Similar features are found in
other ejecta [12] and these surface features
are common on pebbles and cobbles in the
Chicxulub ejecta deposits in central Belize
{13]. Indications that the Barton Creek
Formation underlying the Albion Formation
is probably Maastrichtian, provides an
improved temporal link between the Albion
Formation and the nearby K/T Chicxulub
crater.

The Barton Creek Formation
carbonates are composed of several size-
distinct and CL-distinct generations of
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cement and replacement dolomite, which are
different with respect to siz¢ and CL from
the dolomites in either the spheroid or ihe
diamictilc beds. Furthermore, the dolomites
in the spheroid bed are different in size, CL
character, and compogition from  the
dolomites compricing the matrix and
allochthonous blocks of the diamictite bed.
No e¢videnee of  dolomite  cement
overgrowths on detrital dolos: " - crystals or
fragments was observed with : . in either
the spheroid or the diamictite beds. These
observations suggest that: 1) the fluids that
dolomitized the Barton Creck Formation,
spheroid bed, and diamictite bed were
chemically gistinct from one another, 2) the
Barton Creek Formation hmestone was
dolomitized prior to deposition of the ejecta;
and 3) neither the spheroid bed dolomites
nor most of the dolomitized allochthonous
blocks in the diamictitc bed were derived
from the directly underlying Barton Creek
Formation,

Figure 11 indicates that the
diamictite contains two populations of
clasts. The grid data represent one normally
distributed population with a modal size
(excluding matrix) of -5 t -6 phi (3.2-6.4
¢m, Fig, 10), which plots close to a straight
linc on the probability scale of the
cumnlative % corve (Fig. 11).  The
photographic data, representing the larger
clast sizes (-11 to -13 phi, ~ 2-8 m), do not
plot close to the straight line of the grid data.
Such a deviation from a single straight line
is a pood indication that two populations are
involved [14). While it is possible that the
different measurement techniques have
some cffect on the results, we note that the
proposed difference between the two
populations is that large clasts are too
abundant to be the tail of a single population
distribution.  Ome wonld expect if the
photographic technique did introduce some
ciror, it would underestimaied the nunber of
large clasts. The lack of clasts in the -8 10 =
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[1 phi cize range (~25 200 om) may in part
be an artifact of the sampling, since it is
difficult w deteet clasts in this range in the
photographs. Neverthcless, we cmphasize
that no clasts in this size range were found
in the randomly placed grids. Furthermore,
we note that olasts this sige were very rarcly
encountersd during the ficld work and there
may be a wruc gap in clast size between the
two proposed populations.

Ocampo et al. [1] interpreted the
green clay spheroids and clasts to be altered
impact glass and our additional analyses
support this. The microprobe analyses
indicate that no glass is preserved, but much
of the clay is palagonite, a common
alteration product of glass. The carbonate
spheroids found in the spheroid bed and
rarely in the diamictite bed are interpreted to
be accretionary lapilli, which arc commonly
found in pyroclastic deposits. Ocampo et al.
{1] proposed an accretionary lapilli origin
for the spheroids with cores. but suggested
other possihle origins for the spheroids
without cores. Pyroclastic  deposits
commonly contain lapilli with and without
cores [15] and our petrographic examination
of the carbonate spheroids found no
significant differences in  the matnx
composition hetween spheroids with and
without cores. The radially fibrous calcite
spherulcs found in the diamictite bed may be
unother form of accretionary lapilli, given
that many of these also have lithic cores.
Their fibrous crystalline structure and
tektite-like surfaces noted above indicate
that these spherules may have crystallized
from calcitc mclt.

The complex sratification within the
spheroid bed indicates that the composition
of the volatile-rich plume that accreted the
lapilli was rapidly evolving as it reached the
southern end of the Yucatan Peninsula. The
several diserete, thin strata suggest multiple
flows with different amounts of glass, lapilli,
and carbonate clasts were involved. ‘The

Jul.22 1993 4:85PM P83
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absence of graded beds and the common
lack of shear zones between strata within the
spheroid bed suggest that the debnis may
have been in part deposited by turbulent
flows. Pyroclastic air fall deposits are
usually normally graded and laminar flows
produce inverse grading due to the expulsion
of large clasts from the base by shear forces
[16]. Nevertheless, the foliation
(imbrication) found in the spheroid bed is
commonly observed in pyroclastic flows,
where it is attributed to shear during laminar
flow [17]. We also note that a few spheroid
bed exposures have shear planes (Fig. 4 and
5). The presence of foliation and basal shear
in some strata, and the lack of these features
in others, may indicate that the flows that
deposited the spheroid bed were changing
between turbulent and laminar. Changes
from a turbulent to laminar flow regime are
typical of pyroclastic flows where the loss of
volatiles (deflarion) reduces buoyancy forces
(16]. Such flow regime changes are typical
of distal pyroclastic flows shortly before
deflation and friction halt the flow [18].
This is consistent with our geological
reconnaissance, which indicates Albion
Island is near the terminus of the continuous
gjecta blanket,

We interpret the large blocks with
coatings of matrix material in the diamictite
bed as accretionary blocks similar in origin
to the carbonate spheroids. Ocampo et al.
[1] originally described one of these large (3
m) clasts from Albion Island as a mud-
coated boulder (Fig. 11 in [1]). They
suggested that the mud coating may be
genetically related to a large mudball also
found in the diamictite bed (Fig. 14 in [1]),
which was interpreted as being similar in
origin to mudballs in terrestrial debris flows.
In 1998 a better exposure (due to erosion) of
this mudball revealed that it is a giant mud-
coated boulder (Fig.12), not a mudball.
Mudballs form in debns flows when fine-
grained sediment (mud) is ripped up and
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carried along in the flow [19]. In contrast,
mud-coated boulders like those found on
Albion Island have not been reported from
debris flows. We now recognize that these
large mud-coated boulders are similar in
structure and composition to  the
accretionary lapilli, hence our interpretation
of them as accretionary blocks. These large
accretionary blocks indicate that the
diamictite bed is also derived from debris
once suspended in a volatile-rich plume, but
one with large clasts and sufficient energy to
transport 4.5-m-diameter boulders.

6. Comparisons with other ejecta deposits

Surface exposures of proximal ejecta
from large impact craters are rare on Earth.
Prior to the Belize discoveries, the best-
known examples were from the Ries crater
in Germany [20, 21] and the Sudbury crater
in Canada (e.g. the Onaping Formation,
[22]). The Alamo breccia in Nevada (23] is
probably proximal ejecta from a large
impact, but no crater has been identified.
The Pelarda Formation in Spain may also be
proximal impact cjecta from the Azuara
structure {24, 25], but the impact origin of
this matenal is controversial. Ries (~24 km
diameter) is much smaller than Chicxulub.
The exposures of Ries ¢jecta extend about
two crater radii (24 km) from the center of
the crater, whereas Albion Island is over
three crater radii (360 km) from the center of
the Chicxulub. Thus, Albion Island
represents a more distal environment in both
relative and absolute terms. Given these
contrasts in size and proximity, depositional
processes may have been different for the
Ries and Albion Island deposits. Sudbury
(~200 km) is approximately the same size as
Chicxulub, but no ejecta from outside the
crater is preserved. Ejecta from other large
craters is either pootly preserved (e.g
Popagai crater) or is known only from
drilling (e.g., Chesapeake Bay crater). The
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Albion Formation is the only known weli-
exposed example of the continuous ¢jesta
blankct from a large (~50 km diameter)
crater.  Chicxulub cjceta from farther south
in Belize [10] are probably not part of the
continuous ejecta blanket.

There are no good impact analogues
10 the Albion Formation spheroid bed. The
best analogy is & voleanic pyroclastic flow,
however we know uf 1o volvanic examples
of carbonate accretionary lapilli or blocks.
Carbonaie accretionary lapilli are reported
from the Alamo breccia [26] and from
Azuara [25]. They are also found in more
distal Chicxulub ejecta in Mexico [27, 28).
Silicate accretionary lapilli are present in
crater fill breeeias of the Sudbury [22] and
Manson [29] craters. The melt-rich cjecta
called suevite at Ries crater contain silicate
spherales, chondrules, and accretionary
lapilli [301. In none of these examples do
lapilli form a distinct stratum  beneath
coarser ejecta, and in fact, the stratigraphy at
Ries crater appears reversed, where the
lapilli-beuting strawa of the suevite overlie
the course Bunte breccia,

The Bunte breccia of the Ries crater
and the Bunte-like breccia drilled on the
Chicxulub  nm [31) share several
charavicristics with the Albion Formation
diamictite bed [1]. It is important to note,
however, that the Bunte brecrin at Ries
contains nu altered glass or accretionary
clasts. The Albion Formation diamictitc bed
contains abundant altered glass and
accretionary clasts, and thus appears to he a
mixwre of Bunte breccia and suevite-like
components. The diamictitc bed also shares
many characteristic with the Onaping
Formation of the Sudbury cmter [22],
notably common altered glass fragments and
accrctionary lapilli and blocks. We also
note close similarities between the clay
pockets with radially fibrous calcite
spherules in the diamictite bed and some of
the “spherulitic dikes" (those that are
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irregularly shaped hodics not dikes) found in
the Onaping Formation, which contein cm-
sizcd sphorules  with radiating  feldspar
crystals [22).

7. Continuous cjecta blanket deposition

The widely accepted model for
emplacement of the Bunte brecein at Ries
crater is ballistic sedimemtation {32], where
impacting ¢jecta blocks scour the swfave
and produce a surface flow composed of
minor amounts of cjocta and much local
sock. The principal evidence for this model
is the abundancc of local rock in the Bunte
Breccia [21]. Most of the lithologies in the
Albion Formation are similar to those of the
local Barton Creck Formation and could be
the product of scouring by secondary
impacts on the Yucatan platform.
Nevertheless, this  argument is not
vonclusive, since the upper 2 km of target
rock at Chicxulub is also composed of
carbonates similar to the Baron Creek
Formation {33). lmpact models |34) predict
that the high ejection velocities needed to
reach Belize would only occur at shallow
target depths, or close 1o the impact center
where the deeper crystalline rocks would
have been melted (origin of the Albjon
Formation altcred glass). Therefore we
cannot rule out the possibility that most of
the Albion Formation is composed of
primary ¢jeeta from Chicxulub, We note that
the more distal cjccta from Ries are also
dominated by the uppermost target
lithologies (21].

The fact that there is no evidence for
major scouring at thc base of the Albion
Formation, and that the CL studies indicate
the diamictite bed and Barton Creek
Formation dolomites are different, argues
against production by local secondary
impacts. Nevertheless, the ¢jecta may have
been produced by such impacts farther up
range. More importantly, ballistic
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sedimentation does not account for the
abundance of accretionary lapilli and blocks
in the Albion Formation.

Another model of continuous ejecta
blanket emplacement is the ring vortex
model {35, 36, 37]. In this model a turbulent
cloud of primary ejecta is produced by
atmospheric drag induced ring vortices that
develop upon breakdown of the advancing
gjecta curtain.  The turbulent cloud thus
produced contains much of the finer ejecta,
which is stripped from the ejecta curtain.
This model provides a berter explanation of
the Albion Formation, given the abundance
of fine matrix and accretionary and rounded
clasts (abrasion in the ring vortices?). The
large accretionary blocks in the Albion
Formation may attest to the power of this
turbulence, which likely reached supersonic
speeds [35, 36]. The apparent sorting
reflected in the two populations of clasts in
the diamictite bed may also be a product of
¢jecta interaction with the atmosphere, The
ring vortex model [36] predicts sorting of
clasts in the same size range as that found in
Belize.

The complex stratigraphy of the
Albion Formation indicates that the ejecta
were emplaced by multiple flows of
different composition and possibly origin.
The onigin of the spheroid bed debris may be
either jetting or vapor plume entrainment of
fine material from the ejecta curtain. The
diamictite bed is probably derived from
collapse of the main ejecta curtain. These
flows may be the product of the complex
emplacement  processes proposed  for
fluidized ejecta blankets on Mars and Venus
[35, 37].

We propose that ballistic
sedimentation on planets with atmospheres
may dominate only near the crater nim
(perhaps within a final crater radii of the
nm), where the initial blast of the vapor
plume and the advancing ejecta curtain
largely displace the atmosphere, and where
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permeability in the ¢jecta curtain has not yet
developed. At greater distances, the effects
of the atmosphere become significant,
secondary impacts are reduced, and ejecta
deposition is dominated by material derived
from turbulent clouds of debris. This study
demonstrates that atmospheres can play an
important role m the formation of
continuous ejecta blankets of large craters.
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FIGURE CAP110NS

Fig. 1. Stratigraphy of the Albion Island
quarry, Relize. Spheroid bed section is from
the saddle location; struta 1-4 are deseribed
in tcxt, substrata (e.g. 28, 2b) are
subdivisions not found in every quarry
location, Clasts in Diamictite bed are
schematic. Koy to Barton Creek Formation
dolomite: a) thick, coarsely crystalline beds
with vugs indicative of leached anhydritc
nodules, b) thin, finely cryswlline beds, ¢)
crossbedded, coarse, calcarcnite beds, and d)
fine grained, organic.rich, laminated beds
with hummocky and ripple crossbedding.
Inset: Map with location of Albion Island
and the Chicxulub crater.

Fig. 2. Baron Creek Formation: (8)
Curcineretes planeturius crab (scale bar 10
mm) and (b) nenneid gastropod (scale bar |
mm). See Fig. 1 for location in section,

Fig 3. Uppur contact of the Banon Creek
Tunmation, Note caliche with brecciated
surface and dark iron oxide staining. Pen is
14 cm long and rests on land surface at time
of impact.
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ejecta cmplaccment, Journal of
Geaphysical Research 97, 11,623-
11,662, 1992,

0.8. Baunouinedlig and P.H. Schuliz,
Cjecta conbginment by  impact-
penerated ring vortices: Theory and
cxperiments, Journal of Geophysical
Research 101, 21,099-21,115, 1996,
0.8, Barnouin-Jha and P.H, Schuliz,
Lobateness of impact cjccta deposits
from  atmospheric  inmeractions,
Journal of Geophysical Research
103, 25,739-25,756, 1998.

(361

[37]

Fig. 4. Alhion Island quarty. Near center of
photograph is a planar 80-cm-thick Albion
Formation spheroid bed exposure with sharp
lower (Barton Creek Formation) and upper
(Albion Formation diamictite bed) contacts.

Fig. 5. Albion Formation sphernid bad with
clay lined shear planc cutting diagonally
across the bed ncar the basc. Scale with 10-
cm inciements Tests on Banon Creek
Formation contact (total exposure 2 m).
Note contact between spheroid bed and
diamictite bed at 70 cm, marked hy the
appearance of cobbles but little change in
the matrix.

Fig 6. Dolomite spheroids from the base of
the Albion Formation spheroid bed. Note
flattened disk shape (scale bar 10 mm),

Fig. 7. Dolomite spheroid (accretionary
lapilli) from the Albion Formation spheroid
bed: (a) cross-section showing white angular
core and concentric bands (scale bar 10
mm); (b) thin section (plain polarized light)
showing fine.grained core (dark in
transmitted light) with concentric bands of
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coarse and fine grain dolomite (scale bar 5
mm); (c) thin section (plain polarized light)
of concentric band of coarse crystals
showing common, black, opaque cores
(scale bar 0.5 mm).

Fig 8. Thin section (plain polarized light) of
dolomite spheroid from the Albion
Formation spheroid bed with a core of two
highly porous dolomite spheroids (scale bar
10 mm), '

Fig. 9. SEM image of a polished section of a
palagonite fragment from a spheroid bed
green clay spheroid showing a relict vesicle
(right) and spherulitic devitrification
features (lower left) (scale bar 0.1 mm).

Fig. 10. Histograms of Albion Formation
diamictite bed grain size measured in 1 m by
1 m grds from the saddle (SAD), cut 1
lower part (CTL), cut 1 upper pant (CTU),
and cut 2 (CT2) locations in Qquarry.
Percentages are based on cross-sectional
area within the grids. Matrix is all ¢lasts
smaller than 0.8 cm. Line on graph depicts
mean grain size for the four locations. Phi is
a base 2 scale with phi -4 =0.8-1.6 cmand a
phi -8 = 12.8-25.6 cm.

Fig. 11. Albion Formation diamictite bed
grain size plotted as cumulative percent
(area) on a probability scale. Data in phi 4

13
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to -8 are mean values from grid analysis
(Fig. 10). Data for phi -12 and -13 are from
analysis of photographs. Note grid data plot
near a straight line, indicative of a single
nortnally distributed population.

Fig. 12. Albion Formation diamictite bed
accretionary block (diameter 4.5 m); dashed
lines demarcate greenish gray core of
dolomite and clay surrounded by a 75-cm-
thick rind of white dolomite matrix.

Fig. 13. Albion Formation diamictite bed (a)
striated dolomite cobble with close-up of
upper tip (b) showing penetrating lithic
fragment (scale bar in both photographs 10
mm),

Fig 14. Albion Formation diamictite bed
calcite spherules. Note protrusions on
surface (scale bar 10 mm).

Fig 15. Thin section (plain polarized light)
of Albion Formation diamictite bed altered
glass shard (palagonite and smectite)
showing relict vesicles with concentric
alteration patterns (scale bar 0.5 mm).

Fig. 16. Albion Formation diamictite bed
shocked quartz grain showing two sets of
planar deformation features (scale bar 20

um).
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Major oxide analvses from the Albion Formanon diamictite bed
ad spheroid bed, and from the KT boundary in Haiti.

Spheroid*  Diamicute®  Spherowdt Hauti K/T°
Palagonite  Palagonite  Bulk Sampic Palagonite
n=12 n-1l A=} n=y

Na O 0067007 006:005 004:002 0.6+0.2
MO 965:071 £.56-0.51 1760-191 6.5:0.4
ALO.  16.70+1.17 16424067 1.69+217 157+1.6
SiO;  S821:327 7332231 11.056,70 61.1-1.8
KO 0.36:0.07 100:106 0.13-0.14 02+0.1
CaO 0.13:0.22 0.13:0.04 2333:435 0.7:0,]
TiO:  06S5:113 093:078 0.17-009 0.5+0.2
MpO  0,02:001 001:001 <0.0] o data
FeO 3432050 6022209 1.93-049 7.6+1.0
L.Q.l. 4)1.57+3.39
Tota)  89.20-4.95 91.46+22% 100.13:0.15 92.9-3.5

*Microprobe analyses of palagonite shards sclacted under SEM,
crror one sandard deviston. Haimd KT spherule analyses from (7).
#XRF analyses of ovendried samplies. L.O.1, = loss on ignirion,
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